bepress university libraries

DigitalCommons@bepress
TAMIU Test Import V2
9-5-2016

Scientific Ambidexterity and Doctoral Mentoring: Does
Academics’ Involvement in Commercial Science Influence
Mentoring in East-Asian Programs?
Maria Del Benavides

Follow this and additional works at: https://testing.bepress.com/tamiu2

Recommended Citation
Benavides, Maria Del, "Scientific Ambidexterity and Doctoral Mentoring: Does Academics’ Involvement in
Commercial Science Influence Mentoring in East-Asian Programs?" (2016). TAMIU Test Import V2. 119.
https://testing.bepress.com/tamiu2/119

This Thesis is brought to you for free and open access by
DigitalCommons@bepress. It has been accepted for
inclusion in TAMIU Test Import V2 by an authorized
administrator of DigitalCommons@bepress.

SCIENTIFIC AMBIDEXTERITY AND DOCTORAL MENTORING:
DOES ACADEMICS’ INVOLVEMENT IN COMMERCIAL SCIENCE INFLUENCE
MENTORING IN EAST-ASIAN PROGRAMS?

A Thesis

by

MARIA DEL ROSARIO BENAVIDES

Submitted to Texas A&M International University
in partial fulfillment of the requirements
for the degree of

MASTER OF ARTS

December 2014

Major Subject:

Sociology

SCIENTIFIC AMBIDEXTERITY AND DOCTORAL MENTORING:
DOES ACADEMICS’ INVOLVEMENT IN COMMERCIAL SCIENCE INFLUENCE
MENTORING IN EAST-ASIAN DOCTORAL SCIENCE PROGRAMS?
Copyright 2014 Maria Del Rosario Benavides

SCIENTIFIC AMBIDEXTERITY AND DOCTORAL MENTORING:
DOES ACADEMICS’ INVOLVEMENT IN COMMERCIAL SCIENCE INFLUENCE
MENTORING IN EAST-ASIAN PROGRAMS?

A Thesis

by

MARIA DEL ROSARIO BENAVIDES

Submitted to Texas A&M International University
in partial fulfillment of the requirements
for the degree of

MASTER OF ARTS

Approved as to style and content by:
Chair of Committee,
Committee Members,
Head of Department,

Marcus Antonius Ynalvez
John Collins Kilburn, Jr.
Peter Fuseini Haruna
Claudia Edith San Miguel

December 2014

Major Subject:

Sociology

DEDICATION

Aaron Michael, my beautiful son:
You have enriched my life beyond measure. You are my inspiration and my most
precious possession, being your mom is my greatest reward. I thank God for you every day.
I love you with all my heart.

v

ABSTRACT

Scientific Ambidexterity and Doctoral Mentoring:
Does Academics’ Involvement in Commercial Science Influence
Mentoring in East-Asian Programs? (December 2014)

Maria Del Rosario Benavides, B. S., Texas A&M International University;

Chair of Committee: Dr. Marcus Antonius Ynalvez

This thesis is in the area of sociology of science. It carries the legacy of Robert K. Merton
by addressing two concepts -- scientific ambidexterity (SA) and doctoral science mentoring -germane to the knowledge production process that are increasingly manifested in contemporary
academic science. In regards to SA, I focus on two axes of activities that academics are
increasingly expected to engage in and balance: the axis of research collaboration, and of technoscientific productivity. Each axis represents the tension between the demands of academic
science and that of commercial science as experienced by academics. To advance understanding
of SA’s impact on the socialization of future scientists to scientific life, I examine the
relationship between academics’ top journal publication and patent generation, and their
involvement in academic and in commercial research collaborations on the one hand; and
academics’ interactions, mentoring practices, and the research experience they provide their
doctoral students, on the other hand. I test the hypothesis that ambidextrous academics differ
from their non-ambidextrous counterparts in terms of mentor-mentee interaction, mentoring
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practices, and the research experience they provide their doctoral students. I used survey data
collected in summer 2013 from 105 chemical scientists in Japan, Singapore, and Taiwan. I
utilized principal component analysis for data reduction, and performed normal error regression
analysis to examine relationships between my independent and dependent variables. My results
indicated that SA is linked to doctoral mentoring, but not to the extent that every axis of SA
shapes every aspect of doctoral mentoring. Between SA in research collaboration and SA in
techno-scientific productivity, the former has more to do with mentor-mentee interaction, with
mentoring practices, and with research experience than the latter. In other words, between the
collaborative and the productivity axes of SA, it is axis of collaboration that has greater impact
on doctoral mentoring. My results have important implications for international science training
policy.
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INTRODUCTION

The increasing interaction between academia, industry, and government has brought
changes in the knowledge production process. For instance, the Bayh-Dole Act amended in 1980
was developed by Congress in order to respond to economic stagnation and low productivity.
Key change for academia was ownership of inventions with federal funding (Thursby and
Thursby, 2011). Later, the 2007 America COMPETES Act and its reauthorization of 2010,
responded to concerns of economic competitiveness and development in the United States
(Public Law, 2007). COMPETES encourages innovation by supporting research and
development while expanding programs in areas of national need such as Science, Technology,
Engineering and Mathematics (STEM) by sanctioning the National Science Foundation (NSF)
authority to award grants towards increasing research improvements for STEM education
programs in order to produce a highly skilled workforce that will fuel innovation and high level
research (Public Law, 2007). Three practices among academic science identified to potentially
promote innovation are university-industry research centers, university patenting, and biotech
entrepreneurship, consequently creating academia an economic engine (Berman, 2012). At
present, academics are increasingly expected to participate in commercial science activities.
Thus, it is pertinent to investigate whether changes in the knowledge production process affect
the way academics train doctoral students. I investigate this issue by introducing the concept of
scientific ambidexterity (SA). I define SA as balancing academic research engagement, and the
generation of publications and of patents simultaneously.

This

thesis follows the style of Research Policy.
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In other words, I focus on two axes of activities -- the axis of research collaboration, and
of techno-scientific productivity. Each axis represents the tension between the demands of
academic science and that of commercial science as experienced by academics. To advance
understanding of SA’s impact on the socialization of future scientists to scientific life, I examine
the relationship between academics’ top publication and patent generation, and their involvement
in academic and in commercial research collaborations in the one hand; and their interactions,
practices, and experiences with their doctoral students, on the other hand.

Statement of the problem

Under the present scenario of: (i) the on-going debates on how to best optimize strategies
toward an efficient national innovation system, and (ii) the increasing pressure from
contemporary international science policy for scientists in the various strands of the Triple Helix
(i.e., academia, government, and industry) to work together towards: (i) the resolution of global
issues and problems, (ii) the optimization of returns on investments from scientific research, and
(iii) the generation of creativity and innovation, it is important to understand how the growing
trend of academics to engage in cross-sectoral activities impact the intrinsic dynamics within
each of these sectors (Etzkowitz and Leydesdorff, 2000).
In the case of academic science, which is tasked to pursue curiosity-driven research and,
at the same time, train future scientists (or knowledge producers), there is a need to assess and
evaluate how the training and the mentoring role of academics are impacted by the increasing
pressure to engage in cross-sectoral activities, pursue extrinsic rewards, and adopt new values.
Shibayama et al. (2012) and Shibayama and Baba (2011) report that academics are steadily
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shying away from sharing knowledge and publishing research findings and gravitating toward
keeping knowledge and patenting ideas and products as a consequence of close collaborative
engagement with scientists in the commercial domain such as corporations and corporate R&D
laboratories.
Although Thursby and Thursby (2011) report no negative effect of patent production on
academics’ publication behavior, there is a strong sense among members of the scientific
community that industry’s close ties with universities threaten the production of public
knowledge (Nature, 2001; Tijssen 2004). With this emerging dynamics among the strands of the
Triple-Helix, I argue that there may be impacts on other activities of academic scientists;
activities such as mentoring, teaching and training doctoral students. Indeed, I ask the question:
Might this same observed secretive attitude and covert behavior have consequences on how the
academic scientific community trains future scientists? And if so, how do these external
engagements morph the very nature of social interaction between mentors (professors) and their
mentees (doctoral students)? This is an important and critical question to pursue as there is a
paucity of studies that runs along this important line of inquiry.

Objective of the study

In this study, my objective is to explore and report on the relationship between
academics’ production of top journal publications and generation of patents, and their
involvement in academic and in commercial research collaborations in the one hand; and their
interactions with doctoral students, mentoring practices, and provisions provide research
experiences to their doctoral students, on the other hand. Toward this end, I adduce data from a
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sample of chemical science professors in selected elite universities in the East Asian region,
whom were interviewed -- face-to-face -- at the actual sites of action and interaction [i.e., the
scientific laboratory (Ynalvez et al., 2014)] in the summer of 2013. With this objective in mind, I
set on providing answers to the following research question: Does scientific ambidexterity
among academics impact how they mentor future scientists? More specifically, does academics’
involvement in commercial-science activities alter aspects of their doctoral mentoring? My
central hypothesis is: ambidextrous academics differ from their non-ambidextrous counterparts
in terms of mentor-mentee interaction, mentoring practices, and the research experience that
they provide their doctoral students.

Significance of the study

A number of studies have already delved into the impact of inter-relationships on (i)
scientific productivity, and (ii) sharing behavior of scientists, but not on their doctoral mentoring
--- and the socialization of future scientists. Hence, the results of this study have the potential to
advance the knowledge base on how the cross-sectoral engagements of academic scientists
impact the training of future scientists. Specifically, it will expand our knowledge base on how
the commercial engagement of academic scientists shapes how they pass on their knowledge and
skills to future generations of scientists. The results of this study will also enlighten the academic
scientific community as to how we should proceed in recruiting and retaining the scientist it
trains as well as revising our advanced scientific training practices and structures given the
evolving nature and dynamics of contemporary science.
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REVIEW OF RELEVANT LITERATURE

Scientific ambidexterity

The concept of ambidexterity has steadily gained salience in business, management,
organizational studies, and even in other fields (Gibson and Birkinshaw, 2004; Nosella et al.,
2012). The consistently recurring theme in these studies is that successful organizations are
ambidextrous (Gibson and Birkinshaw, 2004). However, with the many studies that populate the
literature and with these same studies coming from a variety of literature streams, the concept
has taken multiple definitions and forms (Nosella et al., 2012; Raisch and Birkinshaw, 2008).
Amidst this apparent confusion in the conceptualization of ambidexterity, Nosella et al. (2012)
argues that majority of these studies point to the consensus sentiment that ambidexterity is an
organizational capability that makes it possible to resolve different tensions that arise within an
organization. Describing ambidexterity as an organizational capability, however, does not
necessarily mean that the level of analysis and the unit of analysis are necessarily at the
organizational (or meso-level). In fact, Raisch and Birkinshaw (2008) and Nosella et al. (2012)
contend that research on the topical area of organizational ambidexterity should specifically
identify whether ambidexterity is a capability that exists at the meso-level, the micro-level, or
both. In other words, is ambidexterity an inherent attribute of the organization, the individual, or
both?
In the development of the notion of ambidexterity, Duncan (1976) casted ambidexterity
at the organizational level, and in terms of organizational structure. Duncan argues that
organizations attempt to balance among competing demands by putting in place “dual structures”
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in a manner that some organizational units focus on alignment, while other units focus on
adaptation (Gibson and Birkinshaw, 2004). The ability of organizations to balance competing
demands through the placement of these dual structures successfully is what Gibson and
Birkinshaw (2004) referred to as structural ambidexterity. Although acknowledging that
ambidexterity is an organizational level capability or attribute, Gibson and Birkinshaw (2004)
argue that processes and systems -- not structures -- play an important role in the successful
realization of balance among competing demands and tensions that confront organizations.
Equipped with the insight that focuses on organizational dynamic processes than static
structures, Gibson and Birkinshaw (2004) developed and introduced the concept of contextual
ambidexterity.
While most major works on organizational ambidexterity (structural and contextual)
focus on commercial organizations and the organizational level itself, the work of Ambos et al.
(2008) in particular introduced new insights by applying the concept of ambidexterity in the
context of academic knowledge production and in the case of academic scientists. By doing so,
Ambos et al. (2008) opened the way toward the application of the concept of organizational
ambidexterity in the context of academic science, which has a very different set of demands,
norms, tensions, and values compared to commercial and/or industrial organizations in general
and commercial science in particular. By examining the tensions and the balancing acts that
academic knowledge producers contend with and engage in, Ambos et al. (2008) also paved the
way toward the casting and applying the concept of ambidexterity to the micro-level of analysis
(i.e., social interactions) and micro-level unit of analysis (i.e., the individual).
Inspired by ideas and insights from prior research work on organizational ambidexterity,
I introduce the concept of scientific ambidexterity. In keeping with Nosella et al. (2012) and with
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Chang et al. (2009), I construe scientific ambidexterity as a behavioral capability -- not of the
organization -- but of the individual to make it possible to resolve multiple tensions and to
balance competing demands successfully in the context of scientific knowledge production and
in the case of knowledge producers. I frame all these within the context of the increasing
expectation from knowledge producers in each of the strands of the Triple Helix (Etzkowitz and
Leydesdorff, 2000) to interact, produce, and work together. Consistent with Chang et al. (2009),
the notion of scientific ambidexterity incorporates multiple balancing acts along the axes of
collaboration, communication, productivity, and professional networking. As a result, I cast the
notion of scientific ambidexterity along two core activities (research collaboration and scientific
productivity) that require balancing between two seemingly opposed engagements casted along
two continuums: (i) commercial research collaboration versus academic research collaboration,
(ii) top-journal publication versus patent generation (Ambos et al., 2008).

Doctoral mentoring

Doctoral mentoring has been utilized widely in business and in medicine, mainly as a
strategy to increase the success rate of graduates entering a profession (Barker, 2006; Eby et al.,
2013; Wright-Harp and Cole, 2008). In comparison, its adoption in training of future scientists
has been fairly recent. Not only is doctoral mentoring understudied in the area of academic
mentoring but also in science education (Wright-Harp and Cole, 2008). Doctoral mentoring is a
social relationship that involves activities, interactions, practices, and routines critical to doctoral
students' socialization to a scientific discipline (Delamont and Atkinson, 2001; Kram, 1985;
Warwick and Kaiser, 2005). Although there are such things as mentoring networks, doctoral
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mentoring is typically construed to be a dyadic relationship between a senior, more experienced
member (i.e., doctoral mentor/professor) and a junior, less experienced member (i.e., doctoral
mentee/student). It is aimed at promoting and enhancing the latter’s personal growth and
professional development through one-on-one coaching, guidance, and support (Eby et al., 2013;
Gattis 2008; Hall and Burns, 2009; Kram, 1985, Ensher et al., 2001). Through close interaction
between mentor and mentee, the former transfers the needed information, knowledge, skills,
feedback, and encouragement to the latter. There are several aspects of doctoral mentoring
critical to a successful relationship: personal attributes of mentor and of mentee, mentor-mentee
interaction, and mentoring practices, doctoral research experiences to mention a few (Eby et al.,
2013; Foote and Solem, 2009; Ynalvez and Shrum, 2011).
Previous studies have indicated that doctoral students who report having mentoring
support: (i) make more timely progress toward their degree, (ii) are more self-confident, and
report higher levels of research productivity than do students without a mentor (Campbell, 2003;
Darwin and Palmer, 2009; Eby et al,. 2013; Gattis, 2008). On the other hand, negative outcomes
were reported by mentees who report poor mentoring support (Eby et al., 2004). In other words,
it is not sufficient to have a mentor and to be in a mentoring relationship. It is equally important
that the relationship is a supportive one. These findings underscore the fact that mentoring can
have positive and negative outcomes which then opens the possibility of identifying best
practices.
Mentoring is never culture-free (Williams, 2009). It is shaped and influenced by the
larger socio-cultural context, and other environmental arrangements that can influence mentors
and mentees, and can either constrain or facilitate their interaction. For example, the idea of who
is a good mentor/mentee, or what makes a good mentor/mentee might be all socio-culturally
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configured. Hence, it is imperative for researchers to adjust and evaluate preconceived concepts,
definitions, ideas of mentoring to account for socio-cultural differences; and to be aware of their
own cultural biases in “making sense” of their data (Chan, 2008; Williams, 2009).
Research pertaining to academic mentoring is scarce. Even more scare are studies
pertaining to aspects of doctoral mentoring. The latest meta-analysis and comprehensive
literature review (see Eby et al., 2013) on mentoring highlight the following: (i) the need for
more studies on academic mentoring especially in the domain of doctoral science, (ii) the need to
have more studies and cases from other social contexts, (iii) the need to delve into the
consequences of mentoring on outcomes such as knowledge sharing and scientific productivity
(Ynalvez et al., 2013). Clearly, doctoral mentoring is important in acquiring tacit scientific and
technical skills acquisition, and to increasing retention and graduation rates. What is not clear is:
which aspects of doctoral mentoring -- attributes of mentee and of mentor, of mentoring dyads,
attributes of mentor-mentee interaction, mentoring practices, and research experiences -- enable
or disable the acquisition and transmission tacit skills in science?
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CONCEPTUAL FRAMEWORK

My conceptual framework brings to the fore two main concepts that are germane to the
sociology of science and that are increasingly manifested in contemporary academic science.
These are the concepts of scientific ambidexterity (SA) and doctoral science mentoring (DSM)
(Figure 1). Based on my synthesis of the scholarly work on organizational ambidexterity, I focus
on two axes of activities that contemporary academics are increasingly expected to engage in and
balance: (i) the axis of research collaboration, and (ii) the axis of techno-scientific productivity.
Each of these axes represents the tension between the demands of academic science and the
demands of commercial science as experienced by academics.
With the heightened expectation for academics to engage in commercial science
activities, they are now confronted with the task of engaging and balancing between
collaborating within academia (within sector research collaboration such as interdisciplinary and
multidisciplinary collaborations) and collaborating with counterparts in industry (cross-sector
research collaboration). Academics are also confronted with the task of engaging and balancing
their productivity in terms of output valued in academia (i.e., peer-reviewed publications) and
those valued in industry (i.e., patents).
However, these dual axes that academics are expected to engage in and to balance have
impact on the very intrinsic activities that academics are expected to perform (Ambos et. al.,
2008; Perkmann et al., 2013). One of these activities is the transmission of scientific knowledge,
and of technical and social skills to doctoral students; in other words, the one activity pertaining
to the doctoral mentoring role of academics. In my conceptual framework, I associate these
conflicts, tensions, and trade-offs in academics’ attempt to engage and to balance performances
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along the axis of productivity and the axis of collaboration with changes in the ways academics
interact, mentor, and provide research experience to their doctoral students.

Figure 1. Conceptual framework relating scientific ambidexterity and doctoral mentoring
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METHODS

Study locations

This study stems from a larger project aimed to examine the transmission of tacit
scientific skills in East Asian graduate science programs. Data for this study contain information
on how academics mentor and train doctoral students (i.e., mentor-mentee interaction, doctoral
mentoring practices, and doctoral research experiences) at research universities in three East
Asian countries (i.e., Japan, Singapore, and Taiwan). Aside from the outstanding performance of
these countries in terms of scientific output and technical innovation, and heavy investment in
research and development (National Science Board, 2014), these countries were also selected
because of the strong professional network ties and past successful research projects with
collaborators in these countries.
We chose to engage in this collaborative and multi-disciplinary study (a team of life
chemical science professors and sociology professors) in order to gain access to and insights
about our study locations and target populations with the intention of better understanding the
training of future scientist in the increasingly innovative doctoral programs of the East Asian
region. Moreover, we studied universities in these countries because they have shown rapid
growth in technical innovation scientific research, and advance science education (Huang and
Tan, 2010; National Science Board, 2014). In its 2007 report, the President’s Council of
Advisors on Science and Technology (PCAST) details Japan, Singapore and Taiwan to be
among the three strongest countries. It is no wonder that East Asian nations’ higher education,
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science, technology, and research systems are some of the most powerful engines for the region’s
economic growth (Choi and Nieminen, 2013).

Japan.
Traditionally, Japan has been the scientific leader of Asia. The 1995 Science and
Technology Basic Act set in motion the first reconstruction wave of research and development
(R&D) in Japan. An allocation of 17 trillion yen allowed for 10,000 postdoctoral researchers to
focus on promoting collaborations between government, academia and industry. The second plan
allocated 24 trillion yen which focused on life sciences, information and communication,
nanotechnology and materials and the environment (Adams et al., 2010). To date, Japan has
established dominant positions and commercial forces in electronics, electro-mechanical design
and manufacturing, advanced technology development, computer components and office
machinery. An example is the Japanese Earth Simulator, a supercomputer designed to predict the
behavior of the Earth (PCAST, 2007).
It is also important to note that Japan has one of the best patent systems in the world.
According to a 2014 NSF Science and Engineering Indicator Report, triadic patents give
inventors a simultaneous patent protection, specifically in three of the largest global markets –
the European Union, Japan, and the United States. Such patents are expected to have high
commercial value. In their 2014 report, the number of triadic patents for the year 2010 was at
about 49,000. Another key driver for Japan’s strong economy is electrical companies. Japan has
ten private electrical companies which include the biggest private utility in the world, Tokyo
Electric Power Corporation and the Kansai Electrical Power Corporation, being the second
biggest private utility.
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Japan is among the top three countries with the most aggressive and largest nuclear
energy generation. The United States leads with 104, France follows with 59, and Japan has 55
(IAEA, 2012). In regards to education, both Japan and the United States are among the world’s
largest providers in education services (National Science Board, 2014). It is no surprise Japanese
universities have been known to be major players in global science and high-tech scientific
infrastructure (Ynalvez et al., 2014). According to Marginson (2011), and Choi and Nieminen
(2013), Japan like Taiwan shares a common Confucian cultural background.

Singapore.
Singapore has successfully maintained economic leadership among Asian economies
(Schwab, 2011). Its quality and efficiency in the labor and financial market has positioned it in
2nd place in the world. Singapore is known for its world-class infrastructure and modern
architecture. It ranks 3rd in terms of air transport facilities and excellent roads and ports (Adams
et al., 2010). Besides being home to two of the top universities in the world, Singapore has many
specialized research institutes with the Agency for Science, Technology, and Research
(A*STAR) having approximately 10,000 academic researchers in science, technology, and
medicine.
Many commercial-based researches are collaborative engagements with transnational or
multinational corporations in the areas of nanotechnology, semi-conductors, biotechnology and
pharmaceuticals. Singapore has drawn much attention by focusing on quality education. Top
universities and high-tech research-oriented educational institutions such as Nanyang
Technological University, National University of Singapore, and the Agency for Science,
Technology and Research (A*STAR) currently attract and recruit high-caliber scientists from
around the world (e.g., Australia, China, India, Japan, and the United States) to their life science
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research facilities (Normile, 2011; Aguilar et al., 2013). A very unique way to enhance
competiveness and to attract elite professors and scientist is through start-up funding provided to
assist with research productivity. Although Singapore’s top research universities aggressively
recruits international talents in Asia and beyond, it also encourages its own young and vibrant
professionals to take on scientific and research leadership roles (Huang and Tan, 2010; Ynalvez
et al., 2014). Similar to Taiwan and in contrast to Japan, Singapore’s universities attracts a flow
of international students (Aguilar et al., 2013; Ynalvez et al., 2014). Singapore’s ongoing efforts
to maintain its competitive edge and the quality of its education are carried out through training
and mentoring students in English and by having these students participate in programs with top
universities in the United States. Indeed, Singapore has the resources and the right mix of
competiveness and dynamism to produce higher levels of techno- scientific research
productivity.

Taiwan.
Taiwan is known for being a high-tech powerhouse because of its innovative research in
space technology, disaster prevention, nano-electronics, and information technology and
biotechnology research. A robust and major factor towards Taiwan’s growing patent production
and upward technology trajectory are the passage of the Fundamental Science and Technology
Act (FSTA). FSTA was inspired by the U.S. Bayh-Dole Act and was legislated in 1999. It
authorized the awarding of intellectual property rights to academic researchers, giving
universities the right to patent their inventions and thus encouraging commercialization of
academic science output and products (Hsu and Yuan, 2013).
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According to the 2011-2012 World’s Economic Forum Global Competiveness Report,
Taiwan ranks 1st in sub-index of new utility patents per million people, and 5th in availability of
scientists and engineers. In the context of knowledge production, Taiwan ranked 16th worldwide
in terms of producing scientific papers, and number of papers published in journals tracked by
Thomson Reuters’ Science Citation Index. Undeniably, Taiwan has an excellent educational
system, approaching the levels of that of the Japan and the United States (Hara et al., 2010),
which is distinguished, at all levels, by high enrollment rates and quality; hence ranking them
10th in higher education and scientific training in the world. Taiwan’s researchers are
predominantly local, who have earned their doctorates in U.S universities. Like their professors,
doctoral students are also predominantly locals with a few students coming from China, India,
Indonesia, and the Philippines.
A 2010 United States National Science Foundation (NSF) report indicated that the
increasing transnational university partnerships of doctoral programs are becoming a global
trend. Hence, developing countries are losing doctoral students to more developed countries
through a process of “brain drain”. Based on our own empirical observation, the flow of
international students from non-English speaking countries was evident in Taiwan universities. It
is no wonder Taiwan has a rapidly growing population of scientists and researchers (Kirp, 2010).
While Singaporean and Japanese universities train their students in English and in Japanese,
respectively; Taiwanese universities take a middle ground approach by using both Mandarin
Chinese and English (Aguilar et al., 2013). Elite East Asian universities such as those we
surveyed have strong ties with the United States by way of exchange programs, online courses,
and web-based lectures (Altback and Knight, 2007; Choi and Nieminen, 2013). Similar to Japan,
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Taiwan also has a Confucian-oriented culture which put heavy emphasis on family and education
(Choi and Nieminen, 2013).

Sampling scheme and data collection technique

In summer 2013, we conducted face-to-face interviews with a sample of chemical
scientists (academics/professors) from selected doctoral granting institutions in Japan (n=35),
Singapore (n=35), and Taiwan (n=35). In each country, access and permission to chemistry
departments, professors and their research laboratories were obtained by our local country
coordinator (Aguilar et al., 2013; Ynalvez et al., 2014). A sample of academics (full-time
professors) was obtained from rosters generated from each of the selected universities’
departmental websites within the targeted institutions. Each interview lasted approximately 1½
hours and was recorded using a digital recorder. In all three countries, majority of the interviews
were conducted in English, except in Taiwan where majority of interviews were conducted in
Chinese. Our surveys and laboratory observations lasted for approximately a month. Our IRBapproved survey questionnaire included questions about socio-demographic attributes, time-use,
laboratory practices, mentoring practices, research involvement, collaborative projects,
professional networks, and research productivity.

Dependent variables

For the dependent variables, I focused on three sets of principal components (PCs): the
first set was derived from the eight original items that comprised our mentor-mentee interaction
(MMI) items. Each item was in the format of a semantic differential scale ranging from -3 to +3
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(Neuman, 2011). The second set was derived from the 15 original items that comprised our
doctoral mentoring practice (DMP) items. These DMP items specifically focused on the
instrumental support function of mentoring rather than the psychosocial support function
(Ynalvez et al., 2014). In regards to these items, we asked respondent academics to think
exclusively of their doctoral mentees.
I derived the third set of PCs from the 17 original items that made up our doctoral
research experience (DRE) items. Each of these 32 items -- DMP and DRE items -- was
answerable on a 4-point scale, which we defined as follows: 1 = never, 2 = rarely, 3 = often, 4 =
very often. In this study, I construe the doctoral research experiences (DRE) provided by
professors (academics) to students as shaped by the sets of activities, expectations, and
requirements that form the ‘departmental culture.’ Hence, in regards to these items, we asked
respondents to think not as a mentor specifically but as a professor in general, and regardless of
whether students are his/her mentees or not. With the scarcity of studies that focus on the
enculturation of doctoral students to scientific life (Delamont and Atkinson, 2001; Eby et al.,
2013), the MMI, DMP, and DRE items we used were derived from available studies, such as
those of Delamont and Atkinson (2001), Ynalvez and Shrum (2009), and Ynalvez et al. (2014). I
provide the MMI, DMP, and DRE items in Tables 2, 3, and 4.
I conducted a correlation-based principal component (PC) analysis on each of the three
sets of items (MMI, DMP, and DRE) and retained PCs that had eigenvalues greater than or equal
to 1.00 (Field, 2009). As suggested by Field (2009), I used the Anderson-Rubin scoring
technique to compute orthogonal scores, which served as dependent variables in our normal error
regression analyses. PC analysis is a multivariate statistical technique of finding linear functions
of a set of items that preserves most of the information contained in a set of items (Field, 2009;
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Quinn and Keough, 2002). My reasons for using PC analysis are the following: (1) to uncover
main dimensions that underlie the original 8 MMI, 15 DMP, and 17 DRE items, and (2) to
reduce the original number of dependent variables -- 40 in all. That way, we could come up with
more tractable sets of regression analyses and results.

Independent variables

Two measures relating to scientific ambidexterity served as our main independent
variables: scientific ambidexterity in research collaboration (SAColl) and scientific
ambidexterity in scientific productivity (SAProd), both of which are dummy variables. SAColl =
1 if respondent had a research collaborator in both academia and industry; otherwise SAColl = 0.
Similarly, SAProd = 1 if respondent had published in a top journal and had generated patents in
the last 2.5 years; otherwise SAProd=0.

Control variables

Respondents’ personal and professional attributes comprised the statistical controls in our
regression analyses. Nominal level variables were transformed into dummy variables (Field,
2009). Dummy variables were also constructed for gender (male = 1 if male, male =0 if female);
for having children (child = 1 if has children, child = 0 if has no children), involved in consulting
(consult = 1 if yes, consult = 0 if no), and two dummy variables (associate professor, and full
professor) that represented academic rank. Interval-ratio level control variables included mean-
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centered age (in years), square of mean-centered age (in years squared), and number of
professional scientists supervised (Ynalvez and Shrum, 2011)
.
Analytical techniques

I performed a series of statistical analyses ranging from a correlation-based principal
component (PC) analysis with varimax rotation using the eigenvalue equals one or greater (λ≥1)
retention rule (Field, 2009; Quinn and Keough, 2002) to identify the main dimensions (PCs) for
MMI, DMP and DRE, to a normal error regression analysis. In labeling these PCs, I considered
items that had coefficients greater than or equal to the absolute value of 0.70 (Field, 2009;
Ynalvez et al., 2014).
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RESULTS AND DISCUSSION

Descriptive statistics

In Table 1, I present descriptive statistics for my control, independent, and dependent
variables. Of the 104 chemical science professors we interviewed, 34% were from Japan, another
34% from Singapore, and the remaining 32% from Taiwan. The average age of respondents was
about 47 years with a standard deviation of about 10 years. Assuming normal distributions, this
would put about 68% of the target population to be within 47 ± 10 years of age. With the strong
patriarchal orientation these locations, it was not at all surprising that a large majority (88%) of
scientists were male.
The average respondent supervised about 2-3 (2.43 ± 0.63) scientists (visiting scientists
and post-doctoral fellows). Forty-three percent reported research consulting activities with
industry. This figure is ways higher than that reported by Gray (2011), which was at about 20%
for scientists in the U.S. Although this may well be attributed to differences in populations of
scientists examined, it would be prudent to delve into the why East Asian scientists have higher
rates than U.S. scientists (Gray, 2011). In regards to academic rank, 25% of respondents were
assistant professors, 32% associate professors, and 43% full professors.
Research collaboration is one of the important activities in which scientists find
themselves engaged in. This is especially true in an era when knowledge production now
requires the use of complex equipment and the pooling of talents from multiple disciplines. In
Table 1, it is clear that majority of respondents (74%) reported having collaborators in academia.
About a third (31%) reported having collaborators in industry, while a quarter
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Table 1

Table
Basic statistics.
Basic 1.
Statistics
Variables of the Study

N

Mean

SEM

SD

Japan (1=yes, 0=no)

104

0.34

0.05

0.47

Singapore (1=yes, 0=no)

104

0.34

0.05

0.47

Age (in year)

104

46.94

0.95

9.74

Male (1=yes, 0=no)

104

0.88

0.03

0.33

Has children (1=yes, 0=no)

104

0.75

0.04

0.44

Number of professional scientists supervised

104

2.43

0.60

6.09

Involved in consulting (1=yes, 0=no)

104

0.43

0.05

0.50

Associate professor (1=yes, 0=no)

104

0.32

0.05

0.47

Full professor (1=yes, 0=no)

104

0.43

0.05

0.50

Has collaborators in academics (1=yes;0=no)

104

0.74

0.04

0.44

Has collaborators in industry (1=yes;0=no)

104

0.31

0.05

0.46

Scientifically ambidextrous in collaboration (1=yes; 0=no)

104

0.25

0.04

0.44

Has publications in high impact journals (1=yes; 0=no)

104

0.92

0.03

0.27

Has generated patents (1=yes; 0=no)

104

0.31

0.05

0.46

Scientifically ambidextrous in productivity (1=yes; 0=no)

104

0.30

0.05

0.46

(25%) had collaborators in both academia and industry. From these numbers, it is clear that
within sector research collaboration – academics with academics – is still the popular form of
cooperative work. In terms of ambidexterity in collaboration (SAColl), 25% were ambidextrous
while 75% were not. From these numbers, it is clear that academics are still predominantly nonambidextrous in terms of their collaborative engagement.
With the tightening bond between scientists in academia and in industry, indicators of
scientists’ productivity now include outputs that are valued in both sectors. In this study, I
employed two indicators of techno-scientific productivity to create our measure of SAProd: (i)
whether respondent had publication in high-impact journals, and (ii) whether respondent had
generated any patents. By high-impact, I propose an impact factor of at least a 4.0. In Table 1, it
is clear that almost all (92%) respondents had published in high-impact journals over the last 2.5
years, while nearly a third (31%) had generated patents over the same period. Thirty percent of
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respondents exhibited ambidextrous behavior in terms of productivity. Meaning, they produced
both forms of output; output valued in academia (i.e., high-impact journals) and in industry (i.e.,
patents). Obviously, a large majority of academics still seek productivity in the form of
traditional outcomes such as publications in top journal, a finding that is consistent with Thursby
and Thursby (2011).

Principal component analysis

The results from the principal component (PC) analyses are presented in Tables 2, 3 and
4. Analysis of the eight original MMI items revealed that three PCs satisfy the Kaiser criterion of
eigenvalue greater than or equal to one. The first PC (MMI1) accounted for 23.46% of total
variance and is strongly and positively influenced by the items face-to-face versus technology
mediated (aij = =+0.89), and frequent versus seldom (aij=+0.84). Higher MM1 scores translate to
a mentor-mentee interaction that can be described as tending toward being technology-mediated
(typically email) and limited exchanges and interaction. The second PC (MMI2) accounted for
18.29% of total variation with the items structured versus unstructured (aij= +0.77), and planned
versus unplanned (aij=+0.76) contributing the most to this PC.
With the positive coefficients of these two items, high MMI2 scores translate to a
mentor-mentee interaction that tends to be unstructured and unplanned. Professors described this
as not having a particular time/day, place, and even an agenda when they meet with students.
Students are able to meet with their professors anytime or anywhere. The third PC (MMI3)
accounted for 13.14% of total variation and is strongly and positively influenced by the item
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general/broad versus specifics/detailed (aij=+0.71). High MMI3 scores indicate a conversation
or discussion about research that gravitates toward details and specifics. On the basis of these

Table 2
Table 2. Principal component analysis of mentor-mentee interaction items.
Principal Component Analysis of Mentor-Mentee Interaction Items
MMI PCs
Eight Original MMI Items
(Semantic Differential)

MMI1

MMI2

MMI3

Quality

Formality

Intensity

1 Face to Face

<---->

Technology-mediated

0.89

-0.07

0.00

2 Formal

<---->

Informal

0.37

0.43

-0.29

3 Frequent

<---->

Seldom

0.84

0.05

-0.07

4 One Way

<---->

Two Way

0.00

0.15

-0.53

5 Quick talks

<---->

Long Discussion

0.06

0.30

0.55

6 Structured

<---->

Unstructured

0.11

0.77

-0.06

7 General/Broad

<---->

Specifics/Detailed

-0.18

0.01

0.71

8 Planned

<---->

Unplanned

-0.19

0.76

0.16

1.88

1.46

1.05

23.46

18.29

13.14

Eigenvalue
% of total variance retained

Note: An item (in bold) is considered to heavily influence a PC if its coefficient is greater than or equal to |0.70|.

results, mentor-mentee interaction can be compactly described along three axes: quality (MMI1),
formality (MMI2), and intensity (MMI3) of interaction. All together, these PCs retained 54.89%
of total variation in the original 8 MMI items.
In Table 3, I present the PC analysis for the original 15 DMP items (items pertaining to
academics’ training practices in regards to their mentees) and I am able to identify five PCs -DMP1, DMP2, DMP3, DMP4 and DMP5 -- that had eigenvalues greater than or equal 1.0 (Field,
2009). DMP1 retained 23.91% of total variation contained in the original DMP items, is strongly
and positively influenced by three items: mentor helps students draft their CVs (aij=+0.77),
mentor helps mentees prepare for a job talk/presentation (aij=+0.72), and mentor helps mentees
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with job search (aij=+0.73). I named DMP1 – the practice of helping mentees with job search.
Items that strongly correlated with DMP2 were the following: mentor discusses with mentees
their career aspirations and plans (aij=+0.70), mentor socializes students to members of the
professional community (aij=+0.73). This component retained 13.52% of total variation and was
labeled DMP2 – the practice of socializing mentees to the profession.
I labeled DMP3 – the practice of monitoring the progress of mentees because the items
mentor monitors mentees work progress (aij=+0.83) and mentor discusses mentees’ concerns
and problems about research (aij=+0.79) heavily influenced this PC, which retained 10.45% of
total variation. Only one item strongly influenced DMP4; this was mentor co-authors research
paper or book chapter with mentees (aij=+0.72). Hence, I named DMP4 – the practice of coauthoring with mentees. This PC retained 8.10% of total variation. Yet another PC -- DMP5 -had only one item that strongly correlated with it. That item was mentor analyzes data and
performs calculations side-by-side with mentees (aij=+0.81). I named DMP5 – the practice of
analyzing data side-by-side with mentees. This retained 6.71% of total variation.
Using the same analytical template as above, I reduced the 17 DRE items (items
pertaining to academics’ practices in training students regardless of whether these are their
doctoral mentees or not) to six PCs: DRE1 to DRE6 (Table 4). Three items heavily contributed
to DRE1. These items were professor have his/her students write papers for submission to
scholarly journals (aij = +0.73), professor have his/her students draft letters to journal editor for
submission of manuscripts (aij = +0.85), and professor have his/her students draft responses for
revised-and-resubmitted manuscripts (aij = +0.88). Clearly, the underlying dimension
represented by these items points to a practice, which we termed DRE1 – journal publication
training.
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I observed DRE2 to have strong correlation with: professor have his/her students write
manuals for lab instruments/equipment, and professor have his/her senior students help junior
students with their research. As such, I labeled this PC as DRE2 - lab management training. For
DRE3, results indicate that the following items had strong influence: professor have his/her
students present at conferences (aij = + 0.79), professor have his/her students write and submit
grant proposals (aij = +0.75), and professor have his/her students preside lab meetings (aij =
+0.72). With these items, I defined this PC as DRE3- leadership training.
DRE4 had a sole item defining it. That item was related to mentors have student review/comment
on reports/papers produced by the lab. For us, this activity meant training students to think
analytically and critically. I labeled this PC as DRE4 – training to think critically. With single
items defining DRE5 and DRE6 – DRE5 defined by the item professor have his/her students
perform data analysis, and DRE6 by the item professor have his/her students organize
professional meetings/conferences – I labeled these PCs as DRE5- data analysis training and
DRE6 – training on conference organizing.
In summary my PC analyses for the 15 DMP items and the 17 DRE items revealed that
these two sets of items can be reduced into five and six main components, respectively, which I
later on use as one of the sets of dependent variables in my normal error regression analysis.

Regression analysis

In the previous section, I teased out the PCs that underlie the original MMI, DMP, and DRE
items. Using normal error regression analysis, I examined how our control and independent
variables configure mentor-mentee interaction (MMI1-MM3; Table 5), doctoral mentoring

28
practices (DMP1-DMP5; Table 6), and doctoral training practices (DRE1-DRE6; Table 7). It is
clear from Table 5 that SAProd has no impact on the quality, formality, and specificity of
mentor-mentee interaction. Academics’ simultaneous pursuit of dual forms of productivity
(publications and patents) had neither positive nor negative impact on academics’ reported
interaction with their doctoral mentees.
This finding is supportive of the assertion from previous studies that academics’
involvement in patent production does not diminish their commitment to traditional academic
activities such as engaging their doctoral students in discussions (Perkmann et al., 2013; Thursby
and Thursby, 2011). However, in the absence of previous studies that specifically examine the
impact of SAProd on mentoring, I am unable to say if my findings of no impact reflects a shift
from a positive impact to a no impact, which if true should cause for concern.
Although results from Table 5 indicate that ambidexterity in collaboration (SAColl) has
no impact on the quality and formality of interaction, SAColl has a positive impact (B=+0.33;
p<.01) on the specificity of academics’ reported interaction with their mentees. In other words,
professors who reported simultaneous involvement in collaborations with counterparts in
academia and in industry were also those who reported having detailed discussions and specific
research-related conversations with doctoral students. This finding in particular negates the
assertion from previous studies that commercial science involvement makes academics less
attentive and dedicated to their students (Shibayama et al., 2013).
In general, I find no empirical support for the concern that academics’ involvement in
commercial science activities may serve to dampen and reduce the quality, formality, intensity of
interaction between mentors and mentees (Perkmann et al., 2013). Instead, results from Table 5
appear to partially confirm the hypothesis that scientific ambidexterity impacts mentor-mentee

Table 3
Principal
Component
Analysis
of Doctoral
Mentoring
Practices
Items
Table
3. Principal
component
analysis
of doctoral
mentoring
practices
items.
DMP PCs
Fifteen Original DMP Items

DMP1
DMP2
Help in Job Professional
Search
Socialization

DMP3
Progress
Monitoring

DMP4
Coauthoring

DMP5
Data
Analyzing

1

Mentor discusses career aspirations and plans of students

0.31

0.70

0.14

-0.21

-0.10

2

Mentor monitors students work progress

0.02

0.01

0.83

0.08

0.02

3

Mentor discusses students' concerns and problems about research

-0.03

0.10

0.79

0.15

0.25

4

Mentor discusses personal and/or family problems of students

0.53

0.24

0.09

-0.10

0.23

5

Mentor co-authors research paper or book chapter with students

0.08

0.08

0.32

0.72

-0.09

6

Mentor co-directs research projects with students

0.43

-0.06

0.20

0.49

0.00

7

Mentor analyzes data/performs calculations side-by-side with students

0.08

0.01

0.08

0.04

0.81

8

Mentor run experiments side-by-side with students

0.13

-0.03

0.31

-0.49

0.58

9

Mentor reviews students for general/comprehensive exams

0.18

0.18

-0.06

0.61

0.47

10 Mentor helps students draft job application letters

0.50

0.45

-0.28

-0.08

0.00

11 Mentor helps students draft their curriculum vitae

0.77

0.00

-0.18

0.12

0.09

12 Mentor helps students prepare for job-talks or presentations

0.72

0.02

0.04

0.33

-0.04

13 Mentor helps students search for job positions and announcements

0.73

0.28

0.13

0.06

0.05

14 Mentor socializes students to members of the professional community

0.12

0.73

-0.09

0.40

-0.03

-0.02

0.63

0.22

0.18

0.41

3.59

2.03

1.57

1.22

1.01

23.91

13.52

10.45

8.10

6.71

15 Mentor gives feedback on students' research and performance
Eigenvalue
% of total variance retained

Note: An item (in bold) is considered to heavily influence a PC if its coefficient is greater than or equal to |0.70|.
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Table 4
Table
4. Principal
component
analysis
of doctoral
research
experience
items.
Principal
Component
Analysis
of Doctoral
Research
Experience
Items
Seventeen Original DRE Items

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

DRE PCs
DRE1
DRE2
DRE3
DRE4
Publication Laboratory Leadership
Critical
Training
Mngt
Training
Analysis
Training
Training

DRE5
Data
Analysis
Training

DRE6
Conference
Org.
Training

Presents research in departmental/laboratory seminars
Presents research at conferences
Participates in research competitions
Attends trainings to enhance research skills and techniques
Organizes professional meetings conferences
Performs data analyses
Writes and submits grant proposals
Presides or takes the lead in research lab meetings
Comments on manuscripts mentor are reviewing for journals
Writes papers for submission to scholarly journals
Drafts letters to the editor for submission of manuscripts
Drafts responses for revised and resubmitted manuscripts
Visits other laboratories to learn research skills and techniques
Writes operating manuals for lab instruments and equipment
Has senior students help junior students in their research
Reviews/comments on reports and papers produced by the lab
Reviews/critiques recently published leading research articles

0.26
0.07
-0.09
0.26
0.18
0.09
0.27
0.13
0.31
0.73
0.85
0.88
0.04
0.18
-0.13
0.00
0.04

0.30
0.16
-0.27
0.26
0.17
0.11
0.07
0.15
-0.05
0.12
-0.08
0.06
0.70
0.78
0.84
0.12
0.37

0.05
0.79
0.07
-0.16
0.01
-0.04
0.75
0.72
0.12
0.28
0.04
0.20
0.38
0.15
0.01
0.22
0.33

0.62
0.21
0.66
0.43
0.14
0.03
-0.04
0.16
-0.09
-0.04
0.08
0.05
-0.08
0.11
0.03
0.70
0.21

0.17
0.24
0.13
-0.45
0.13
0.81
-0.06
-0.10
-0.40
0.21
-0.09
-0.06
0.02
0.02
0.09
-0.12
0.43

-0.35
0.02
0.18
0.22
0.75
0.05
0.08
0.00
0.56
0.06
0.26
0.04
0.17
-0.10
0.16
0.07
0.44

Eigenvalue
% of total variance retained

4.12
24.22

2.154
12.67

1.44
8.47

1.39
8.18

1.21
7.09

1.09
6.43

Note: An item (in bold) is considered to heavily influence a PC if its coefficient is greater than or equal to |0.70|.
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Table 5. Normal error regression analysis of mentor-mentee interactions PCs.
____________________________________________________________________________________________________________________________

Control and Independent Variables

MMI 1

MMI 2

MMI 3

Quality

Formality

Intensity

β
**

SE

β

SE

β

SE

Japan (1=yes, 0=no)

0.38

0.27

0.18

0.31

-0.18

0.29

Singapore (1=yes, 0=no)

0.15

0.33

0.33

0.38

0.11

0.36

Age (yrs; linear term)

0.03

0.02

-0.23

0.02

-0.34

0.02

Age squared (yrs; quadratic term)

-0.12

0.00

0.02

0.00

0.45

Male (1=yes, 0=no)

***

0.00

-0.09

0.28

0.13

0.32

-0.02

0.30

Has children (1=yes, 0=no)

0.09

0.23

-0.03

0.26

0.11

0.24

No. of professional scientists supervised

0.40

0.02

-0.02

0.02

-0.09

0.02

Involved in consulting (1=yes, 0=no)

0.18

0.21

0.14

0.24

-0.05

0.23

Associate professor (1=yes, 0=no)

-0.03

0.37

0.19

0.42

0.51

Full professor (1=yes, 0=no)

-0.10

0.50

0.35

0.57

0.43

Scientifically ambidextrous in collaboration (1=yes; 0=no)

-0.11

0.26

-0.13

0.29

0.33

0.13

0.21

-0.17

0.24

-0.14

Scientifically ambidextrous in productivity (1=yes; 0=no)
Adjusted R2 (%)

18.30

***

-0.80

**

0.40
0.54

**

0.28
0.23

8.30

Note: *,**,*** denote significance at the .05, .01, and .001 levels, respectively.
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interaction; partial in the sense that not all three PCs of MMI were associated with the two
aspects of scientific ambidexterity. Although scientific ambidexterity appeared to have
shaped interaction, it is only the aspect pertaining to collaboration (SAColl) however that
does so. Yet this shaping of interaction appears not to be in the direction of SAColl having
“deleterious” effects.
In regards to DMP, results again indicate that ambidexterity in productivity (SAProd)
has no impact on any of the five DMP PCs (Table 6). Simultaneously publishing in top
journals and producing patents does not impact mentors’ helping mentees with job search,
socializing mentees to the profession, advising and monitoring of mentees’ progress, coauthoring with mentees, or analyzing data with mentees. But again, in the absence of
previous studies that specifically examine the impact of SAProd on mentoring, we are unable
to say if our results were indicative of a shift from a positive impact to a no impact. In
regards to collaborative ambidexterity (SAColl), I perceived that this aspect had a positive (B
= +0.31; p<.01) influence on DMP but only on the PC that pertained to mentors’ socializing
of mentees to the profession.
In other words, chemical science professors involved in research collaborations with
scientists in academia and in industry were more likely to socialize and expose their mentees
to the profession, and to the aspirations and ideals of the discipline. Between the two aspects
of scientific ambidexterity – SAProd and SAColl, being productively ambidextrous appears
not to influence academics’ reported mentoring practices. While practically the same thing
can be said about being collaboratively ambidextrous, this aspect somehow appears to
influence how academics socialize their mentees to the profession.
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So why might professors involved in collaborative work with academic and with
industry partners be more into socializing mentees to the profession? It could be that
professors’ involvement in cross-sector research work triggers curiosity among mentees and
in turn generate questions as to where they -- mentees -- should be headed for after doctoral
school. This cascade of questions may have been directed to professors, which in turn
prompted these professors to expose and socialize their mentees to both academic and
commercial side of the profession in the hope answering these questions. It could also be the
case that ambidexterity commands respect and carries prestige such that it motivates
academics to showcase their status by intentionally exposing and socializing their mentees.
In the case of DRE, both SAProd and SAColl influenced at least one PC (Table 7).
SAProd exhibited negative impact (B = -0.23; p<.05) on the data analysis training provided
by professors to their students. Meaning, professors who published in top journals and who at
the same time produced patents were also those least likely to report having trained students
in data analysis. Most academics we interviewed were of the opinion that it was not their job
to teach their students how to analyze data. Most opined that students could always consult a
statistician for such tasks, or students can learn this on their own.
In the case of productively ambidextrous professors, it could be the case that this
opinion is even reinforced given the dual form of output expected of them. In addition, with
the existence of data analysis departments or statistics units in both academic and corporate
settings, professors might rather have their students focus on research activities other than
data analyses.
In regards to SAColl, results indicate that academics who were involved in
collaborative research with counterparts in academia and in industry were likely (B = +0.29;

34
p<.05) to expose their students to activities that develop critical thinking skills. Most of the
academics we interviewed mentioned that it was the job of the professor to hone student’s
critical thinking skills. For professors, learning how to use instruments or operate equipment
in the lab or even running experiments should be learned by the students themselves or by
seeking help from other students including post-doctoral fellows. It is also possible that
collaboratively ambidextrous professors are more into honing the critical thinking skills of
their doctoral students because these skills not only needed to be a successful scientist, but
are also the same skills needed to successfully navigate the demands of both academic
(curiosity-driven) and corporate (profit-driven) science.

Table 6
Table
6. Normal error regression analyses of doctoral mentoring practices PCs.
Normal Error Regression Analyses of Doctoral Mentoring Practices PCs
_________________________________________________________________________________________________________________________________
Control and Independent Variables

DMP1
Help in Job Search
β

DMP2
Professional
Socialization

DMP3
Progress
Monitoring

DMP4
Co-authoring

DMP5
Data Analyzing

SE

β

SE

β

SE

β

SE

β

SE

-0.18 *

0.29

0.28 *

0.25

0.17

0.27

0.37 **

0.29

-0.02

0.28

0.11 *

0.37

-0.08

0.33

0.26

0.35

0.57 ***

0.38

0.06

0.36

-0.34

0.02

-0.13

0.02

-0.36 *

0.02

0.21

0.02

0.19

0.02

0.45

0.00

0.11

0.00

0.23

0.00

-0.08

0.00

0.32 *

0.00

-0.02

0.31

-0.06

0.27

0.21 *

0.29

0.07

0.31

0.04

0.30

0.11

0.26

0.16

0.23

0.05

0.24

-0.02

0.26

-0.14

0.25

No. of professional scientists supervised

-0.09

0.02

0.13

0.01

0.03

0.02

0.06

0.02

-0.16

0.02

Involved in consulting (1=yes, 0=no)

-0.05

0.23

0.09

0.20

-0.14

0.22

0.10

0.24

0.09

0.23

Associate professor (1=yes, 0=no)

0.51

0.41

0.12

0.36

0.09

0.39

0.08

0.41

-0.09

0.39

Full professor (1=yes, 0=no)

0.43

0.55

0.11

0.48

0.20

0.52

0.16

0.55

-0.40

0.53

Scientifically ambidextrous in collaboration (1=yes; 0=no)

0.33

0.29

0.31 **

0.26

0.10

0.28

-0.19

0.30

0.01

0.28

-0.14

0.23

0.20

-0.08

0.22

-0.03

0.24

-0.11

0.23

Japan (1=yes, 0=no)
Singapore (1=yes, 0=no)
Age (yrs; linear term)
Age squared (yrs; quadratic term)
Male (1=yes, 0=no)
Has children (1=yes, 0=no)

Scientifically ambidextrous in productivity (1=yes; 0=no)
Adjusted R2 (%)

5.20

-0.16
29.80

11.40

6.00

14.70

Note: *,**,*** denote significance at the .05, .01, and .001 levels, respectively.
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Table 77. Normal error regression analyses of doctoral research experiences PCs.
Table
Normal Error Regression Analyses of Doctoral Research Experiences PCs
_________________________________________________________________________________________________________________________________
Control and Independent Variables

DRE1
Publication Training

DRE2
Laboratory Mngt
Training

DRE3
Leadership Training

DRE4
Critical Analysis
Training

DRE5
Data Analysis
Training

DRE6
Conference Org.
Training

β

SE

β

SE

β

SE

β

SE

β

SE

β

SE

Japan (1=yes, 0=no)

0.16

0.31

0.16

0.30

0.33 **

0.25

-0.20

0.30

0.54 ***

0.27

-0.09

0.30

Singapore (1=yes, 0=no)

0.19

0.40

0.08

0.39

-0.41 **

0.33

0.11

0.39

0.46 **

0.36

-0.23

0.39

Age (yrs; linear term)

0.09

0.02

-0.26

0.02

0.02

0.02

-0.25

0.02

-0.04

0.02

-0.02

0.02

Age squared (yrs; quadratic term)

0.05

0.00

0.08

0.00

0.07

0.00

0.33 *

0.00

0.05

0.00

0.24

0.00

Male (1=yes, 0=no)

0.09

0.33

-0.03

0.32

0.18

0.27

0.06

0.32

-0.05

0.29

-0.04

0.32

-0.07

0.27

0.20

0.26

0.05

0.22

0.01

0.26

-0.10

0.24

-0.08

0.27

No. of professional scientists supervised

0.07

0.02

0.04

0.02

0.09

0.01

0.07

0.02

-0.27 **

0.02

0.10

0.02

Involved in consulting (1=yes, 0=no)

0.06

0.25

0.02

0.24

-0.03

0.20

-0.09

0.24

0.06

0.22

-0.05

0.24

Associate professor (1=yes, 0=no)

0.14

0.45

0.23

0.44

-0.23

0.37

0.46 *

0.44

0.13

0.40

-0.02

0.44

Has children (1=yes, 0=no)

Full professor (1=yes, 0=no)
Scientifically ambidextrous in collaboration (1=yes; 0=no)
Scientifically ambidextrous in productivity (1=yes; 0=no)
Adjusted R2 (%)

0.12

0.60

0.49

0.58

-0.40

0.49

0.52

0.58

0.38

0.53

0.02

0.58

-0.13

0.30

0.03

0.29

0.17

0.24

0.29 *

0.29

-0.08

0.26

0.09

0.29

0.09

0.25

-0.17

0.24

-0.09

0.21

0.07

0.24

-0.23 *

0.22

0.01

0.25

-6.60

0.10

29.90

3.50

18.30

-0.20

Note: *,**,*** denote significance at the .05, .01, and .001 levels, respectively.

36

37

CONCLUSIONS AND IMPLICATIONS

I introduced a concept that describes a form of scientific engagement -- a type of
balancing act -- that contemporary knowledge producers find themselves involved in as a result
of a fast-emerging and rapidly-growing trend in international science policy that encourages
knowledge producers in the different scientific sectors of the Triple Helix (i.e., academia,
government, and industry) to work and co-produce together. I introduced the concept of
scientific ambidexterity (SA) and casted it at the micro-level i.e., the (individual-level). I
construe SA as the ability of knowledge producers to juggle the activities (e.g. collaboration and
productivity) in at least two scientific sectors simultaneously (Ambos et al., 2008).
Aside from introducing a concept and sketching its conceptual definition, I also explored
the proposition that: academics’ SA impacts how future knowledge producers (doctoral students)
are mentored and trained. I then asked a question. Does scientific ambidexterity among
academics impact how they mentor future scientists? This question or exploration per se was
inspired by the concern that academics’ commercial science engagement might take them away
from their traditional roles as mentors and teachers. I contend that SA implies a difference
between ambidextrous and non-ambidextrous academics in terms of their attitude, behavior,
practices, and style in mentoring. I argue that the difference is mainly a result of navigating the
terrain, of being exposed to differing reward and value systems, and of meeting the demands of
the different scientific sectors simultaneously.
My findings suggest that in order for scientists to be scientifically ambidextrous they
need to develop ambidexterity in two spheres: scientific ambidexterity in collaboration (i.e.,
involvement in academic and in commercial research at the same time; SAColl), and scientific
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ambidexterity in productivity (i.e., simultaneously publishing in top journals and generating
patents; SAProd). On the other hand, I focused on three aspects of doctoral training: (i) mentormentee interaction, (ii) mentoring practices, and (iii) research experiences. Overall, my findings
indicated that academics’ SA shaped doctoral training, but not to the extent that both aspects -SAColl and SAProd -- influenced each and every aspect of training (i.e., interaction, practices,
and experiences). SAColl had more to do than SAProd in shaping interaction, practices, and
experiences.
That impact -- the impact of SAColl and SAProd -- took the form of enhanced intensity
of interaction, increased professional socialization of mentees by mentors, and heightened
emphasis on analytical-critical thinking. More specifically, academics’ simultaneous
involvement in collaborative research with colleagues in academia and in industry points to the
following portrait of mentoring: (i) a mentor-mentee interaction that is into details and specifics
with regards to conversations and discussions about research activities, (ii) a mentoring practice
that socializes mentees to the profession such as personally introducing mentees to scholars in
the field, and (iii) a research experience that engages students to analyze and think critically by
way of critiquing and reviewing articles, manuscripts, and reports. All of these seemingly
discount the concern that SA (or involvement with industry) might take academics away from
their traditional roles. In other word, my findings suggest that mentors opt to work with
mentees that i) are well prepared, ii) are critical thinkers and can analyze their own data, and iii)
can work independently.
Although I posed a research question and provided a conceptual framework to address
the question these conclusions come with the following implications: (i) results should not be
taken as having established causality between SA and doctoral training. At best, these results are
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correlational and should be interpreted with caution. (ii) The sample, although random, is small
and represents only one side of the training (or mentoring) relationship – the
professors’/mentors’ point of view. With these weaknesses, results may not have the desired
statistical power that would have produced robust results. As a “one-sided rendition” of training
(or mentoring) relationship, results are far from a holistic representation of the dynamics of
mentoring. I strongly recommend that future studies use large samples, and work on mentoring
dyads. (iii) Given that this study is the first to introduce the concept of SA, there is still a lot to
be done in terms of refining SA’s conceptual and operational definitions, and of examining its
antecedents, correlates, and consequences (Eby et al., 2013; Perkmann et al., 2013).
In terms of science policy implications: with the increasingly tightening bond between
academic and commercial science -- really among scientists in the Triple Helix -- there is a need
to review and to rethink how we mentor and train future scientists -- in this case, doctoral science
students. That way, students are by no means socialized to thinking that academia is the one and
only destination -- the premium destination -- for Ph.D. holders; and that appointments and jobs
in industry, or in government are equally feasible, respectable, and viable paths to scientific life
(Ynalvez et al., 2014). In addition, our results call attention to the need to formulate guidelines,
policies, and protocol that would govern inter-sectoral science activities and the training of future
scientists.
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